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Soil mineralization and nitrification rates were measured 
on 24 permanent growth plots at Lubrecht Forest, Montana. 
Three mineraliaztion periods over the course of a year-
summer, winter (plus fall), and spring were studied using 
plastic bag field incubation. Calcium, potassium, 
magnesium, iron, manganese, ammonium, and nitrate 
mineralization rates were measured, as well as litter and 
duff accumulation, and ponderosa pine (Pinus ponderosa L.) 
site index. Mineralization rates for the summer period were 
low, and negative at some sites, possibly due to 
immobilization of nutrients by the soil microbial 
population. Soil mineralization rates were positive for 
the winter and spring periods, except for ammonium in the 
spring. Nitrate mineralization (nitrification) was very 
high (1.5-203 jqgN03~/g soil/month) during the spring 
period. Ponderosa pine site indices, 50 and 100 year base, 
were regressed as dependent variables against the 
mineralization rates and other measured soil variables for 
each field incubation period. The least successful 
predictive equations resulted from the summer period 
(R2<.2). The most successful predictive equations resulted 
from the winter period. Ammonium mineralization explained 
38% of the variation in 50 year base ponderosa pine site 
index and 63% of the variation in 100 year base ponderosa 
pine site index for the winter period. 
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INTRODUCTION 
A major concern of forestry in the United States over 
the last fifty years has been the quantification and 
prediction of the productivity of forest land. Various 
methods have proposed and employed. These include site 
index, height intercept, vegetational approaches, and soil-
site studies (Carmean, 1975). 
Site index of a species, the height of the dominant and 
codominant trees on a site at a base age of 50 or 100 years, 
has been the most widely used measure of forest site 
productivity potential. Site index can be quickly and 
economically determined for a species in a mixed, uneven-
aged, or poorly stocked stand (Daniel et al., 1982). The 
relationship between site index and the soil has been much 
studied. Researchers conducting soil-site studies have 
found many different soil factors to be of predictive value 
for site index and other potential productivity measures. 
Such studies have been conducted for many tree species, and 
in most regions of the United States (Carmean, 1975). 
Variables that have been found to be significant in 
predicting site index in soil-site studies include slope, 
aspect, parent material of the soil, and other soil 
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characteristics such as thickness of the A horizon. 
Soil chemical factors can improve the predictive 
ability of soil-site study equations, but are seldom the 
most significant independent variables, except in a few 
cases (Stark, 1983) . Some possible reasons for this lack of 
significance are: (1) standard soil chemical results do not 
always reflect the levels of the ionic form of nutrients 
that are utilized by trees. An example of this is total 
nitrogen (commonly reported), versus the ionic forms of 
nitrogen utilized by plants, ammonium and nitrate, (2) only 
a few nutrients are measured, such as nitrogen, potassium, 
and phosphorous, and (3) there is a wide seasonal variation 
in the availibility of soil nutrients. The time of year 
that sampling is done has an effect on soil chemistry. 
A limitation to soil-site studies is that climatic 
factors are not incorporated, except as long term effects on 
the soil (leaching, weathering). A soil component that is 
directly and immediately affected by climate is the soil 
microbial population (mineralizers). Mineralization in soil 
is the conversion of organic forms of nutrients (from the 
litter layer) to inorganic (available) forms. This is 
accomplished through fire, oxidation, and microbial 
activity-the decomposition of plant materials by soil 
microorganisms. The activity of these organisms is 
dependent on soil moisture, temperature, and supply of 
organic substrate, as well as other environmental factors. 
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It seems possible, therefore, that there is a positive 
correlation between microbial activity and tree activity, 
i.e. growth, especially on sites where soils are young and 
nutrient limited, and mineralization drives the nutrient 
supply. Both activities are dependent on climate, soil 
nutrients, and other soil factors. Mineralization rates may 
integrate soil and climatic factors to an extent that makes 
them useful predictors of site quality. This study 
investigated to what degree mineralization rates could 
explain the variation in site index of Pinus ponderosa. 
OBJECTIVES 
The objectives of this study were: 
1) to measure soil mineralization and nitrification rates on 
ponderosa pine (Pinus ponderosa) sites at Lubrecht 
Forest. 
2) to determine the correlation between ponderosa pine site 
index and soil mineralization and nitrification rates, 
and litter and duff accumulation. 
3) to develop a regression equation for ponderosa pine site 
index from the following possible independent variables: 
a) soil calcium, iron, potassium, magnesium, manganese, 
and ammonium mineralization rates. 
b) soil nitrification rate- net nitrate production. 
c) litter and duff accumulation (weight per unit area). 
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LITERATURE REVIEW 
Ponderosa Pine Productivity 
Productivity of forest land is usually assessed in 
terms of site quality, for which there are a number of 
approaches for measurement (Daniel et al., 1982). The most 
widely used method of site quality measurement in the United 
States is site index. Site index curves for ponderosa pine 
were published by Meyer in 1938. These curves were based on 
data gathered from throughout the western United States. 
The curves are still utilized for ponderosa pine site index 
determination, and have been used in soil- site studies 
(Williams et al., 1963). They have also been modified for 
different stocking levels (Lynch, 1954). Five divisions in 
the general range of ponderosa pine were recognized, all of 
which were included in the formulation of a single set of 
curves. Western Montana was included in the north plateau 
division, along with Washington, and most of Oregon and 
Idaho. This region receives about 25 percent of its 
precipitation during the growing season months, but amounts 
are variable. Meyer's work also included volume tables, 
stand and stock tables. 
Meyer's ponderosa site index curves were modified by 
Lynch (1954) to correct for overstocked stands. Height 
growth retardation was found to increase as stocking 
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approached 100 percent of optimum, and as site index 
decreased. Stocking was evaluated by an equation based on 
height, basal area and age. Lynch also published growth 
tables for young ponderosa pine stands in the Inland Empire 
(1958). These tables provide cubic foot volume per acre, by 
ten year increments, on the basis of diameter at breast 
height and site class. Three site classes were chosen based 
on Meyer's site indices (height at 100 years): 
II > 100 ft. 
Ill, IV, and V 56 - 100 ft. 
VI < 56 ft. 
Oliver (1972) developed a method of estimating site index 
of young ponderosa pine stands based on the four year 
height intercept- the total length of the first four 
internodes above breast height. Equations relating this 
method to published site index curves were developed. 
Powers et al. (1978) developed site curves in northern 
California for ponderosa pine in stands of densities 
approaching optimum and moderate stocking. Tree growth on 
average and poorer sites was disproportionately less than on 
better sites during the first 15 years of stand development. 
Growth rates were proportionate on all sites between stand 
ages of 20 and 60, but dropped off rapidly on poor sites 
after 60 years. Conventional systems for estimating site 
index were considered to be inaccurate for young stands 
because young stands are seldom sampled when constructing 
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site index curves. Young trees on stoney soils often grow 
well early, but growth rates drop off as competition occurs. 
A site index equation was developed for second growth 
ponderosa pine in the Blackfoot drainage of western Montana 
by Tesch (1980). Site tree selection criteria included 
excellent crown form, an absence of animal or insect damage, 
vigorous appearance, and location in a stand of similar 
trees (not lone trees). Site index was a function of total 
height and base age. 
Summerfield (1980) developed site index and height 
growth curves for ponderosa pine in eastern Washington by 
stem analysis. Tables, graphs, and equations were presented 
for determination of ponderosa pine site index. Site index 
was calculated by the equation: 
SI = a + b(HT. - 4.5) + 4.5 
where HT is total tree height, a is a function of the mean 
site index and height of the trees which were measured to 
develop the equation, and b is a function of breast height 
age. 
Site curves for ponderosa pine and other coniferous 
species in western Montana were developed by Milner (198 6) 
from stem analysis data. Tables, graphs, and an equation 
were presented for estimation of ponderosa pine site index 
from total height and breast height age. A site index 
prediction model was developed which explained 48% of the 
variation in ponderosa site index in western Montana with a 
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standard error of 9.0 feet: 
SI=.2691 + 2.8262*[PRECIP/SUMTSOL*SUNTEMP]•3361 *GSL1-3891 
PRECIP = total annual precipitation. 
SUMTSOL = the sum of average daily total insolation for 
for August and September. 
SUMTEMP = the sum of average daytime temperature for August 
and September. 
GSL = growing season length, defined as the number of days 
where the average daytime temperature is greater than 
32° F. 
Milner used a multiplicative model form which it was felt 
better modelled the dynamics of tree growth. The response 
surface generated by the model showed the following trends: 
(1) ponderosa pine site index increased with increasing 
precipitation, especially at lower elevations, (2) ponderosa 
pine site index dropped with increasing elevation, and (3) 
as insolation rose, ponderosa pine site index fell, with 
insolation a function of slope and aspect. 
Martin (1987) evaluated ponderosa pine site quality 
measures under different levels of stand density. Site 
index was affected by stand density to a greater degree than 
direct measures (volume) of productivity and in a reverse 
manner. For most stands site index declined with increasing 
stand density while volume increased. Site index was a good 
indicator of height growth, and somewhat less satisfactory 
for volume growth. Site index was less sensitive to 
climatic variation than basal area or volume growth. 
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A vegetational method of assessing ponderosa pine 
productivity was first developed by Daubenmire (1961). A 
key to seven ponderasa pine habitat types in eastern 
Washington was produced. Daubenmire developed a site index 
equation of the type y = a + bx for each ponderosa pine 
habitat type, where y = height, and x = age. The equations 
were based on limited height data. Daubenmire expressed the 
opinion that site index prediction is most successful within 
a habitat type, soil type or some other ecologic unit. 
Pfister et al. (1977) extended the habitat type method into 
Montana. 
Litter Decomposition and Soil Mineralization 
Many studies have measured the percent decomposition of 
litter through time under field conditions (Mikola, 1960, 
Minderman, 1968, Fogel and Cromack, 1977). Most involve 
setting out a net or cloth bag in the forest, and measuring 
the percent weight loss over a specified time period. 
Mikola (1960) reported that in Finland pine needle litter 
decomposed at a rate of 27 - 3 6 percent in year 1, 41 - 50 
percent after 2 years, and a total of 49 - 70 percent in 3 
years. Gilbert and Bobcock (1960) placed 2 gram litter 
samples in hair nets and measured decomposition over 14 
months on mor and mull soils. The litter placed on mulls 
decomposed at a higher rate. Countryman (1977) found 
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moisture variations in ponderosa pine litter occur within 
short horizontal distances. The variation was caused 
primarily by solar radiation through crown openings in the 
canopy. The litter below openings also cooled more at 
night. Van Scheren (1967) found on a calcareous loam soil 
that there was a pulse of mineralization following the 
wetting of the soil, succeeded by a period of low 
mineralization. The total amount of nitrogen mineralized 
after one month under stable conditions was found to be 
equal to that obtained under fluctuating moisture 
conditions. Fogel and Cromack (1977) reported the 
following decay rate for Douglas-fir: needles 22 - 30%/ 
year, branches 5.9 - 8.9%/ year, and cones 4.7 - 8.3%/ 
year. The decomposition rate of Douglas-fir tissue 
correlated negatively (r =-.7) with lignin content. The 
authors hypothesized that lignin content is a controlling 
factor in the decomposition rate of litter. Minderman 
(1968) stated that the resistance of some compounds in 
litter to decomposition produces inaccuracies in 
decomposition models that are based only on litter 
accumulation and decomposition rates. Witcamp (1966) 
reported a high degree of correlation between microbial 
population estimates and leaf litter decomposition rates. 
There have been many studies that have studied various 
aspects of nitrogen mineralization. Aber and Melillo (1980) 
looked at a number of decomposition studies that included 
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total nitrogen analysis of the residue. Percent nitrogen 
increased in the residue as decomposition progressed. 
Iverson and Snowden (1959) investigated differences in 
decomposition of mor (coniferous) and mull (deciduous) 
forming litter mixtures. Nitrate formation was absent in 
the decomposing coniferous litter mixture. The mull 
forming litter decomposed more rapidly than the mor type. 
Total nitrogen concentration of both litter mixtures 
increased as dry matter decreased. More fungi were found in 
the coniferous litter. Williams (1972) incubated pine humus 
at 3 0° C in the laboratory and found low rates of 
mineralization. He concluded that the net nitrogen 
mineralized through a wet-dry cycle is about the same as 
that produced under more stable conditions. Pastor et al. 
(1984) studied aboveground biomass production along a 
nitrogen gradient at Blackhawk Island, Wisconsin. Net 
aboveground biomass (litterfall + woody biomass increment) 
was highly correlated with soil mineralization (r = .902). 
Broadbent (1986) has proposed that nitrogen mineraliaztion 
can be modelled by: 
Nm = N0(l - e"kt) 
where N0 is the total pool of nitrogen, and Nm is the 
cumulative nitrogen that is mineralized in time t. The rate 
of mineralization is proportional to the size of the total 
nitrogen pool. 
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Eno (1960) used polyethylene bags to incubate soils in 
the field and measure nitrate production in the soil. 
Polyethylene freezer bags were filled with sod soils taken 
from a depth of 10 cm in Florida. The bags were sealed with 
a rubber band and placed below a square of sod at a depth of 
10 cm. Field incubation was for a period of one to six 
weeks. Nitrate and ammonium levels were measured in the 
soils as they were removed from the field a few at a time 
each week. Nitrate concentration of the soil in the bags 
increased with each additional week of field incubation. 
Ammonium levels correspondingly decreased. More recently, 
Nadelhoffer et al. (1980) utilized polyethylene bag "in 
situ" incubation to measure nitrification in southern 
Wisconsin soils. They found that 0.54 to 2.1 mg N/(g soil 
organic matter) was mineralized per year. 
Few studies have utilized polyethylene bag field 
incubation to measure the mineralization of other soil 
nutrients than nitrogen. This may be due to the fact that 
nitrogen is usually considered as the limiting nutrient to 
forest growth and microbial activity. Weaver and Forcella 
(1979) monitored seasonal variation of available soil 
nutrients on six southwest Montana vegetational types. They 
found that soil nutrients were most available in early fall, 
and least available at midwinter. Seasonal variation of 
nutrient availibility was notably less in the fir forest 
compared to the grass and shrub sites. Variation of 
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nutrient availibilities was reported as the minimum value as 
a percentage of the maximum value measured: NO3 - 27%, NH4 -
30%, P - 45%, K - 60%, Ca - 77%, Mg - 82%, and organic 
matter - 80%. The nitrogen forms were the most variable. 
The following seasonal patterns were observed: 
Season 
Spring 
Nutrient 
Avaibility 
High 
Summer Lower 
Fall High 
Winter Low 
Reason 
Decomposers releasing 
nutrients faster than 
plant uptake. 
Growing plants using 
nutrients faster than 
microbial release. 
Higher microbial activity 
after fall rains, low 
plant activity, 
substrates released 
from senescing plants. 
Low microbial activity. 
Soil Site Studies 
There have been numerous studies predicting site index 
from soil and topographic variables for many tree species. 
Many of the predictive equations that have been developed 
reflect the ability of the soil to retain and supply 
moisture to the tree. Most of the studies have applications 
limited to the region in which they were produced. 
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Carmean (1954) correlated height growth of Douglas-fir 
in southwest Washington with various soil factors. He found 
a positive correlation between Douglas-fir height growth and 
a) soil gravel content, b) soil compaction, and c) 
elevation. Predictive equations for Douglas-fir were 
developed from these factors for each soil group that was 
encountered. Bowersox and Ward (1972) developed site 
predictive equations for oak stands in Pennsylvania from the 
data from 39 permanent plots. The following site index 
equation was produced and was subsequently tested on 16 
additional plots: 
Site IndeX50 y r .  = B0 + BI(slope position) + B2(slope) 
+ B3 (depth of A;L + A2 horizons) + 
B4(silt) + B5(extractable Ca) + 
Bg(extractable Mg) + 
B7(total nitrogen) 
The results from this equation compared favorably with 
standard site determination methods in the field. The 
equation accounted for 79% of the variation in oak site 
indices on the permanent plots. Extractable Ca, Mg, and 
total nitrogen had the highest correlation with site index. 
Stark (1984) analyzed 148 site and stand variables in 102 
coniferous stands in western Montana. Included were Larix 
occidentalis. Pseudotsuqa menziesii, and Pinus ponderosa. 
Predictive equations were developed for each species. Low 
nutrient quantities in the understory were predictors of 
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fast growth, indicating limited nutrient availibility in the 
geologically young soils. Feeder root extractable Cu and Zn 
were also important variables. 
McClurkin (1963) predicted white oak site index in 
northern Mississippi from soil characteristics. The percent 
clay in the soil, and depth to a permeable horizon were 
important variables in the predictive equation. Munn and 
Vimmerstadt (1980) predicted height growth of yellow poplar 
(Liriodendron tulipfera) in Ohio from soil topographic 
variables. Soil chemical variables accounted for 63% of the 
variation in the height of yellow poplar on 39 sites. Mader 
(1976) obtained R2 = .56 in predicting white pine site index 
(Pinus strobus) in Massachusetts from soil and physical 
characteristics. In this study it was concluded that soil 
chemical characteristics were of the most predictive value. 
Significant variables in the predictive equation for white 
pine site index were total nitrogen and percent base 
saturation of the soil. Brown and Lowenstein (1978) 
explained 70% of the variation in Douglas-fir (Pseudotsuqa 
menziesii) site indices with soil and topographic variables 
in northern Idaho. Depth of volcanic ash, bulk density, and 
P content of the soil were important variables in the 
predictive equation for Douglas-fir. Douglas-fir site 
index was highly positively correlated with extractable Ca, 
exchange acidity, cation exchange capacity, percent organic 
matter, and soil total nitrogen. 
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There are studies that predict ponderosa pine site 
index from soil and topographic variables. As previously 
noted, Daubenmire (19 61) predicted the height of ponderosa 
pine from age and habitat type. Holtby (1947) found that 
soil texture 15 cm below the surface was a fairly reliable 
ponderosa pine site quality indicator in central Washington. 
Three site classes were defined: 
%fine material 
site class total height (ft.) at 15 cm depth 
II 170 27.2 
III 145 13.4 
IV 115 9.5 
Williams et al (1963) found that ponderosa pine index in 
the Zuni Mountains of New Mexico was significantly 
correlated with water holding capacity, permeability of the 
A horizon, and depth of the permeable soil. These factors 
all reflect the ability of the soil to provide moisture to 
the growing tree. 
Cox et al. (1960) studied ponderosa pine productivity 
in western Montana in relation to soil and landform 
characteristics. It was concluded that the principal factor 
influencing tree growth on the plots studied was the 
effective depth of soil in which tree roots might develop. 
Soil nutrients were not measured. It was stated that in 
western Montana, trees depend primarily on moisture stored 
in the soil from snowmelt and early spring rains. The best 
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sites had deep, well aerated, permeable soils with little 
loss from runoff, and readily available moisture. Mean 
ponderosa site indices ranged from 54 to 99 feet at 100 
years. The study plots were distributed throughout western 
Montana. Four factors were found to limit the depth to which 
roots may penetrate in quantity: 1) depth to gravel or loose 
sand, 2) depth to a slowly permeable layer, 3) depth to 
bedrock, and 4) depth to a concentrated lime. Areas 
receiving supplemental moisture from seepage or high water 
tables were good sites for tree growth regardless of the 
type of soil present. 
METHODS 
Study Area 
Lubrecht Experimental Forest is 50 km northeast of 
Missoula, Montana. The forest consists primarily of second-
growth Douglas-fir (Pseudotsuaa merziesii (Mirb.) Franco.)/ 
lodgepole pine (Pirvus contorta Dougl.) , western larch (Larix 
occidentalis Watt.), and ponderosa pine (Pinus ponderosa 
Laws). The average precipitation ranges from 3 75 mm 
annually, to 1000 mm at the highest elevations. Much of the 
precipitataion is as snowfall. The elevation of the plots 
studied ranged from 1000 m near Blackfoot River, to 1200 m. 
The soils include alfisols, entisols, and inceptisols 
(Nimlos, 1986). Parent materials of the soils include 
limestone, granite, and quartzite (Nimlos and Goldin, 1977). 
More than 90 permanent plots were established throughout 
Lubrecht in 1960 by Dr. William Pierce. These have been 
remeasured since then at five year intervals. The data 
collected includes mean height, diameter, of each species on 
the plot as well as volume and basal area of each species. 
The plots are .081 ha circular (fifth-acre) and occur in 
various topographic and micro-climatic conditions. Twenty-
four of the permanent plots were chosen for this study. The 
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criteria for selection of the plots were: (1) mostly 
ponderosa pine on the plot, (2) a stand age of 3 0 to 80 
years, and (3) no evidence of logging or fire during the 
life of the stand. Stand history was determined from the 
plot records. 
Soil Sampling 
The soil sampling schedule was designed to measure 
mineralization for three periods (Table 1). Each sampling 
was performed over a two day period to include all 24 plots. 
The samples were taken using the method of Nadelhoffer et 
al. (1983). 
Table 1.—Soil mineralization field incubation sampling 
schedule at Lubrecht Forest. Each plot was set up with 
field incubation soil samples at each START date, which were 
collected from the field at each END date for soil analysis. 
PERIOD START END MONTHS 
1. Summer June 1983 October 1983 3.9 
2. Winter October 1983 April 1984 5.8 
3. Spring April 1984 June 1984 2.3 
A bulb planter was used to take a sample from a depth of 0 
to 8 cm. The soil core was removed from the planter and cut 
lengthwise into halves. One half was placed in a plastic 
sandwich bag and sealed for return to the laboratory. This 
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sample was frozen until analyses could be performed. The 
other half of the core was placed into a sandwich bag and 
put back into the hole from which it was sampled (Fig. 1). 
The bag of soil was surrounded with loose soil to 
approximate the original physical condition of the soil. 
The top of the bag was covered by its flap but not sealed, 
to allow gas exchange but prevent excess inflow of moisture, 
i.e. a soggy bag of mud (anaerobic conditions). The bag was 
then covered with pine litter and its location marked. If 
the soil was rocky or dry and would not stay intact as a 
core it was put in a paper bag and mixed well. The soil 
sample was then split into halves, poured into two plastic 
bags, and processed in the same manner as the cores. 
Figure 1.—Soil mineralization field incubation sample, 
cross-sectional view. 
.-flap folded over 
light litter cover 
ground level 
soil sample 
8 cm 
loose soil packed around 
core hole 
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At each permanent plot six soil samples were taken, 
for immediate analysis, and six field incubation samples 
were placed in the soil. The soil samples were arranged in 
a systematic pattern on the plot (Fig. 2). After the field 
incubation period the bag with the field incubated sample 
was returned to the laboratory for analysis. A new sample 
was taken with the bulb planter adjacent to the original 
hole and the procedure was repeated. So for each sampling 
after the initial one, a fresh sample was returned to the 
laboratory, along with the field incubated (previous period) 
sample. All samples were frozen until chemical analyses 
could be performed. 
Figure 2.—Diagram of the soil, litter, and duff sampling 
patterns on each permanent plot. Litter and duff samples 
were taken only on the initial sampling. 
litter and duff 
plots (10) 
plot center 
soil samples (6) 
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Litter and Duff 
Ten litter and duff samples were collected at each 
plot on the initial summer visit. The litter was removed 
from a 0.1 m2 plot by hand and placed in a paper bag. The 
duff layer was then scraped off with a trowel, and placed in 
one or more paper bags. The samples were taken on the 
circular plots in a systematic pattern. (Fig 2). 
The samples were dried at 65° C for 48 hours and weighed to 
the nearest 0.1 g. 
Site Index 
For determination of ponderosa pine site index, 5 site 
trees were selected from within or near each permanent plot. 
The trees selected were judged to be dominants or 
codominants in the stand (Husch, 1963). The height of each 
site tree was measured with a clinometer from 100 feet. 
Tree age was determined in the field with an increment 
boring from the base. The increment cores were saved, and 
tree age was rechecked later with a dissecting microscope. 
Ponderosa pine site index was calculated by (Tesch, 1980): 
Site Index = 10**(10**(log(log(Height + 1)) 
+ 5.9433/Age - .118866)) - 1. 
This is the corrected formula, the published one in Tesch's 
dissertation is in error (the sign before the age and 
subsequent term are reversed). Site index is 50 year base, 
height is total tree height, and age is age at the base of 
the tree. The five site index values for each plot were 
averaged to obtain a site index value for each permanent 
plot. Meyer's 100 year base site index was also determined 
from the site index curves published (1938). 
Soil Laboratory Analysis 
The initial soil samples were refrigerated for up to 
36 hours before analysis after collection. The following 
soil analyses were performed on each soil: 
(1) pH, 1:1 H20 paste, with a Orion pH electrode, 901A 
Ionanalyzer. 
(2) Weight of wet soil equivalent to a 5 gram dry soil. A 
fresh, moist, soil sample (8 to 12 grams) was weighed 
into a cup, dried at 100° C for 24 hours, and 
reweighed to within .01 gram. 
wet wt. 
5 g equivalent = dry wt. x 5 g 
(3) Percent soil moisture. Using the wet and dry weights 
in (2) above: 
wet wt. - dry wt. 
%Soil H20 = dry wt. x 100% 
(4) Extractable cations. A 2 g subsample of dried, sieved 
(1 mm) soil was extracted with 4 25 ml aliquots of 
0.5N ammonium acetate + .0005M DTPA. The extract was 
analyzed by atomic absorption spectroscopy for 
calcium, iron, potassium, magnesium, and manganese 
concentrations. 
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(5) Percent soil organic matter (weight loss on ignition 
method). A 1 g dried, sieved (1 mm), soil sample was 
ashed for 2 hours at 525°C. The percent weight loss 
of the sample is reported as percent organic matter. 
(6) Nitrate and Ammonium. The 5 g equivalent of each soil 
was extracted with 25 ml 2N KC1, pH 2.5. The extract 
was diluted to 100 ml for a final concentration of 
0.5N KC1 and analyzed: 
(a) for soil N03~ by the cadmium reduction method on a 
15 ml aliquot (Page et al.,1980). 
(b) for NH4+ by an Orion ammonia electrode and an 
Orion 901A Ionanalyzer (Page et al., 1980). 
Mineralization and Nitrification Rates 
For soil samplings following the initial June 
sampling, two sets of soils were returned for chemical 
analysis: (1) the pre-incubation sample just collected, and 
(2) the post-incubation sample, which had been field 
incubated in the plastic bag since the last sampling. The 
soils were frozen until analysis, then thawed, homogenized, 
and the above mentioned chemical analyses were performed, 
except for pH. 
Mineralization was determined as: 
(ion concentration of post _ (ion concentration of pre 
incubation soil) incubation soil) 
The mineralization rate of each ion was calculated on a per 
month basis: 
Mineralization Rate = net mineralization soil) 
incubation period (months) 
The mineralization rates were determined for each nutrient 
measured for all 24 of the Lubrecht sites for each of 
the 3 field incubation periods. The nitrification rate was 
calculated as the net N03~ mineralized for each period. 
Nitrification is a two step process whereby ammonium is 
oxidized to nitrate by nitrifying bacteria (Richards, 1974) 
Nitrosomonas sp. 
NH4+ + 3/2 02 —1N02~ + 2H+ + H20 
Nitrobacter sp. 
N°2~ + i/2 02 N03-
Statistics and Modelling 
The mineralization rate of each ion including no3-
(nitrification rate) was calculated for the three seasonal 
incubation periods at all 24 of the plots. A SYSTAT 
software package was used to generate summary statistics by 
plot and season of the mineralization rates. Next 
correlation matrices were generated for each mineralization 
rate and ponderosa pine site index, for each of the three 
field incubation periods. 
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The following model was hypothesized: 
Site index = b0 + biCA + b?FE + b3K + b4MG + bcMN 
+ b6NH4 + b7N03 
where CA, FE, K, MG, MN, NH4,and N03 are the mineralization 
rates calculated for each field incubation period. The sign 
of each mineralization rate coefficient was hypothesized to 
be positive, indicating the expectation that the release of 
each nutrient measured would result in increased tree 
growth,. The only nutrient which was possibly expected to 
have a negative coefficient was calcium, the release of 
which may not affect or possibly inhibit tree growth on 
calcareous soils. Regression models were created with 
SYSTAT. Transformations of variables were tested in the 
models, although none were expected to improve the model, as 
a positive linear relationship between mineralization and 
tree growth was hypothesized. Nutrient release from 
mineralization should enhance growth on the Lubrecht soils 
without increasing nutrient concentrations to overly high 
levels. Possible multicollinearity between the 
mineralization rate variables, since all but nitrification 
result from the same process (mineralization), indicated the 
probability that not all of the mineralization variables 
would be used in the model. 
RESULTS AND DISCUSSION 
Mineralization Rates 
Mineralization rates for the first field incubation 
period, June to October 1983, were quite low (Table 2). 
Many of the soils had negative values for mineralization 
rates of calcium, potassium, magnesium, and manganese. This 
was probably due to low activity, limited to immobilization 
of these nutrients by the soil microbial population. During 
the hot, dry summer months, as the soil dessicates, 
microbial activity is low, and is limited to maintenance of 
the microbial cells. Mineralization of ammonium and 
nitrification was not as low, with only one negative value, 
and fairly high values in some cases (Table 2). This 
suggests that the nitrifiers were somewhat active, probably 
in the cooler, more moist weather of early fall. Positive 
ammonium values paired with low or zero nitrate values 
indicate that a lack of ammonium was not the limiting factor 
to nitrification. It would have been better to have used 
four incubation periods corresponding to each season rather 
than to combine some of the fall data (September to mid-
October) with the summer data. The values for each nutrient 
mineralization rate were quite variable, ranging from a high 
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Table 2.—Mineralization rates(ug/g soil/month) for the 
June 1983-October 1983 period at the Lubrecht Forest sites. 
Site# CA FE K MG MN NH4 NO 3 
9 -1.54 1. 49 -6.74 -2 . 85 -2 .33 -0.17 0 . 04 
13 -1.54 0. 77 -37.2 -6. 03 12.2 4.51 0. 26 
19 17.9 4.10 -28.7 -14 . 1 7.49 2 . 15 1. 62 
20 5.38 5. 64 -46.7 55. 6 -4 . 79 6.33 14 . 9 
21 -34.1 6. 13 -114 13.5 -3 . 82 6.79 1. 64 
22 -1.54 3.87 -38.2 -79.0 1.13 3 .26 2 . 51 
35 32.6 0.95 -3.85 -0. 69 -1.23 1,23 2 . 64 
40 27.7 1.31 -22.3 -2 .82 1.64 8.31 18. 6 
45 4 .36 2 .15 -75. 6 -17.8 6.41 4 . 13 4 . 18 
47 -65.9 0. 62 -54 .9 -10. 6 12 . 1 4 . 56 0 
55 69.0 0.46 -4.62 3 . 03 13 . 0 8.85 0 
56 3.85 -1.94 -10. 3 7.95 15.5 7.56 2 . 03 
58 1.02 1.08 6.15 3.08 4.77 7.95 0. 82 
59 -19.2 1.08 -9 . 74 -0.26 1.85 0. 85 0 . 23 
60 1. 02 1.85 -5.38 -1. 54 1.38 1. 44 0. 44 
61 4.87 3.10 -4.87 -6.61 0.21 0.31 0. 21 
66 -55.6 0.18 -85.4 -2 . 10 -4 . 87 0.23 1. 23 
67 -13.3 1.74 -1.79 3.59 0.26 0.31 0. 64 
69 • -113 2,54 4 .87 4 . 10 -1. 56 0.36 0. 77 
73 3.07 -2.10 -18.7 11. 3 1. 03 2.21 0 
85 1.02 1.85 -6.41 2.82 3 . 03 0.23 1. 59 
89 -90.7 -4.97 -38.7 -4. 13 6.21 2 . 44 3 . 31 
92 177.4 -2.87 2.05 52.6 1.10 3.31 17. 1 
93 49.2 -5.56 -13.6 14 . 9 1.77 2.08 3 . 69 
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Table 3.—Mineralization rates (qg/g soil/month) for the 
October 1983-April 1984 period at the Lubrecht Forest sites. 
Site# CA FE_ K MG MN NH4 N03 
9 8 . 62 0. 69 49.3 8 . 84 1.41 2. 62 0. 04 
13 10.7 0. 66 58.6 14 . 0 1. 53 4.55 0. 14 
19 10. 0 0.90 56.4 9.78 1.38 3 .48 -0. 01 
20 10. 3 2.95 26.2 10.2 1.79 3 .40 0. 07 
21 3.79 1.43 31.0 8 . 62 1. 07 1.88 0 . 01 
22 31.7 2.22 90.0 16. 6 2 . 10 6.10 , o. 14 
35 12 .9 1.45 56.9 12 . 1 2 . 66 2.43 0 
40 8.28 0.47 19.0 7 . 09 0.12 0. 64 0 
45 12.9 1. 62 52.9 10.4 0. 53 3 . 64 0. 04 
47 15.9 1. 69 76.2 8 .14 0.47 2.74 0. 24 
55 17.2 1.4 3 22.2 1.88 -0.16 2.10 0. 10 
56 11.6 1.50 32.7 3 . 64 -0. 09 2.52 0. 12 
58 10. 3 1.2 6 44.3 14.5 0. 52 3.45 0. 07 
59 10. 0 1. 62 40.0 1.88 1.10 3 .14 0 . 14 
60 7.59 1.55 14.8 1.72 0 0.71 0 
61 7.76 1.52 26.6 10.9 0.71 1.72 0 . 04 
66 8.62 1.38 31.4 9.86 0.40 1. 50 0. 13 
67 15.0 1.38 52.8 13 . 9 2.09 0.93 0. 19 
69 13.4 1.41 70.9 9.86 1.57 5.40 0. 19 
73 2.07 0.93 17.6 7 . 09 1.41 1.40 0 
85 13.8 0.69 41.6 7.98 1.41 2 .72 0. 12 
89 13.3 0. 64 32.2 8.74 0.98 2.09 0. 09 
92 31.7 1.74 74.7 17.1 2.62 4.95 0. 41 
93 9.66 1.41 43.1 10. 5 1.22 2.83 0. 11 
Table 4.—Mineralization rates (ug/g soil/month) for the 
April 1984-June 1984 period at the Lubrecht Forest sites. 
Site# CA FE K MG MN NH4 N03 
9 47. 8 1. 56 6.52 8 . 78 3 . 96 -4. 00 5. 65 
13 21. 7 15. 0 4.57 0. 74 4. 65 -7. 82 7. 35 
19 6. 09 29. 0 6.22 -5. 26 1. 48 -5. 52 98. 3 
20 13. 0 13. 0 17.1 5. 83 2. 96 -1. 78 84 . 8 
21 78. 6 9. 13 4.65 4. 17 2. 22 0. 04 46. 5 
22 36. 5 29. 4 6.65 17. 4 4 . 96 2. 74 153 
35 65. 2 14. 7 8.39 4 . 61 4 . 00 -2. 65 53 . 9 
40 12 . 7 3 . 82 4.61 6. 70 0. 74 4. 39 16. 2 
45 17. 4 9. 91 13 . 2 13. 0 2 . 35 0 20 . 7 
47 86. 9 6. 35 8.09 40. 0 2 . 48 -1. 35 1. 52 
55 52. 7 3 . 09 65.8 5. 52 3 . 57 -0. 87 28 . 3 
56 73 . 9 14 . 3 4.65 6. 70 2. 30 -1. 78 24 . 7 
58 52 . 3 17 . 9 6.70 9. 00 4 . 96 -2 . 65 6 . 39 
59 34. 3 12. 3 6.43 5. 26 7 . 00 -3 . 04 9 . 39 
60 52. 2 12. 0 9.00 4 . 61 1. 35 0 4 . 17 
61 21. 7 8. 78 22.3 6. 70 3 . 13 -0. 74 13 . 3 
66 39. 1 4. 65 4.74 13 . 3 4 . 18 -1. 48 9. 30 
67 -0. 91 6. 70 17.6 6. 09 5. 26 0 140 
69 -2. 61 13 . 1 35.5 4 . 65 4 . 65 -4. 96 52 . 2 
73 13 . 0 4 . 96 8.39 5. 39 3 . 48 -0. 52 48. 3 
85 26. 1 7 . 52 13 . 5 4 . 26 2. 78 -1. 78 35. 7 
89 35. 9 6. 61 17 . 3 6. 70 6. 91 0. 61 33 . 5 
92 29. 7 5. 39 65.7 35. 2 5. 35 -1. 34 203 
93 52. 6 4. 61 39.1 8 . 96 1. 39 0 50. 9 
of 177 qg/g soil/month to a low of -90.7 *jg/g soil/month for 
calcium (Table 2). Such high variation could be due to 
complexing of calcium with phosphate at some sites. 
Potassium mineralization rate values were mostly negative 
(21 of 24 sites). This suggests that potassium was 
immobilized during this period of low soil moisture. During 
periods of low soil moisture potassium is less available and 
the microbial population may compete for it with plants. 
Little is known about the conversions of potassium that can 
be affected by the soil microbial population. Approximately 
two thirds of the potassium in plants is water soluble, so 
that only one third requires microbial activity for release 
(Alexander, 1961). Potassium can be solubilized from 
minerals through the release of organic and inorganic acids 
produced by microbial processes. Potassium can also be 
fixed by 2:1 clays and thus become unavailable. 
Mineralization rates for the October 1983 to April 1984 
period were mostly positive and more consistent than for the 
summer period (Table 2). Calcium mineralization ranged from 
2.07 to 31.7 ng/g soil/month. The only nutrient with any 
negative mineralization rates were manganese and nitrate 
(Table 3). Most of the mineralization for this period 
probably occurred in March and early April, after 
relatively low microbial activity during winter (Alexander, 
1961). Potassium was released at all of the sites at 
relatively high rates. Nitrification for this period was 
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low, ranging from -.01 to .41 J^g/g soil/month (Table 3). 
Nitrifiers require the warmer soil temperatures found in 
late spring to become active (Alexander, 1961). An increase 
in nitrification could be expected for the next field 
incubation period. Ammonium mineralization was only 
slightly higher but more consistent throughout the sites 
than it was for the summer period. 
Mineralization rates were highest for the spring 
incubation period for calcium, iron, manganese, and nitrate 
than for the previous periods (Table 4). Mineralization of 
magnesium was at approximately the same rate as it was for 
the winter period (Tables 3,4). Potassium mineralization 
rates were lower for spring than during the winter period. 
This may reflect higher soil moisture levels during the 
winter-early spring period than later in the spring, as two 
thirds of the potassium in organic matter is water soluble 
and does not require microbial activity for release 
(Alexander, 1961). Ammonium mineralization rates were low 
or negative for this period (Table 4). This was possibly 
due to the high nitrification rate in spring. Nitrification 
rates for the spring period were very high, ranging as high 
as 203 qg/g soil/month (Table 4). Ammonium released to the 
soil by nitrification during this period was efficiently 
converted to nitrate by the nitrifiers. Nitrate appears to 
be at the highest levels in June. 
All of the mineralization and nitrification rates are 
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means of six measurements taken on each plot for each 
period. The coefficient of variation for the 
mineralization rates, s.d./mean, averaged 47% for all of the 
plots for all periods. The mineralization rates were quite 
variable on the same plot. Some error is associated with 
the soil chemical analyses, but since each soil sample is 
homogenized an accurate chemical measurement was probably 
obtained. The difference in nutrient concentrations between 
the pre and post halves of the same soil core were 
definitely real and measurable. The greatest source of 
variation was the differing mineralization rates on the same 
plot. The formula for the sample size required to obtain a 
mean with a confidence interval of ±E is: 
n = tfisyl? 
where s2 is a variance determined by an initial sampling. 
In this case t = 2.57 for n=6 at the .05 probability level 
and E will chosen to be 2 0% of the mean of the six 
mineralization rates. Using the ammonium mineralization 
rate data for the winter period results in n = 15 to 
achieve a confidence interval of ±10%. For nitrate 
mineralization for the spring period to achieve the same 
confidence interval a sample size of n = 126 would be 
required. The six samples taken each time were not enough 
to acheive a very narrow confidence interval. It would be 
interesting to see how reproducible the relationships 
between the sites and their mineralization rates are for 
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several years. This would provide an idea as to how 
reliable the mineralization rate values by plot are. 
Nadelhoffer et al. (1983) found nitrogen 
mineralization rates of 1750 ug/g soil organic matter/year 
on white pine sites in southern Wisconsin, with soil organic 
matter averaging 3.9%. This can be converted to 
68.2 ug N mineralized/g soil/year. Combining the three 
periods of this study conducted at Lubrecht Forest into a 
year results in a range of rates of 16 to 450 Mg/g soil/year 
nitrogen mineralized. Soil organic matter values on the 24 
sites ranged from 3.01% to 12.61%. Eno (19 60) found very 
high nitrate production, 200 ug/g soil over a four week 
period in Florida sod using plastic bag field incubation. 
Ammonium production was 180 v\g/g soil for week 1, but 
dropped to 20 j^g/g soil by week 4, as nitrification 
progressed. These nitrification rates are much higher than 
most of the spring nitrification rates determined at 
Lubrecht Forest (Table 4). Some of the variation in 
nitrification measured at Lubrecht may be due to poor 
aeration of some of the bags in the field (waterlogging). 
Not much work has been done with plastic bag field 
incubation to study mineralization of other nutrients than 
nitrogen. Stark (1983) measured winter mineralization rates 
on three slash treatments and control at Lubrecht Forest and 
Lolo Pass in Montana with plastic bag field incubation. 
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Mineralization rates for the control soil at Lubrecht were 
(H9/9 soil/month) : 
Ca Fe K Mg Mn NH4 N03 
22.2 0.35 11.1 1.4 7.2 .07 .86 
Winter mineralization rates measured at the 24 sites in this 
study (Table 3) were comparable to above, with potassium, 
ammonium, and magnesium mineralization rates higher in the 
winter 1983-1984 period. This may be partly due to the 
overlap of spring with the winter field incubation period, 
when mineralization rates increase. The field incubation 
method was also employed by Stark (1985) at Colstrip, 
Montana to measure mineralization rates on compost treated 
planting sites on strip mine spoils. 
Ponderosa Pine Site Index and Mineralization Rates 
Ponderosa pine site indices (50 year base) ranged from 
a low of 34.9 ft. at plot 73 to a high of 64.0 ft. at plot 
92 (Table 6), and 57 ft. to 92 ft. for the same plots using 
Meyer's 100 year base curves. The 50 year base values were 
calculated from Tesch's (1980) equation, whereas the 100 
year base values were estimated from Meyer's graphs. The 
two site indices had a correlation coefficient of r=.73 
(Table 7), so the shape of the site index curves were 
somewhat different. This is not surprising as Tesch's data 
was collected locally, while Meyer's curves are based on 
data from throughout the western U.S.. The standard 
deviation of site index within plots was high in many cases 
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Table 5.—Soil characteristics of the 24 sites studied at 
Lubrecht Forest- litter and duff accumulation, pH, percent 
soil organic matter, and percent moisture. 
Site# Litter Duff pH percent %h2o 
kg/m2 kg/m2 organic 
matter 
June 
1983 
Oct. 
1983 
April 
1984 
9 1.3 3 2.58 5.9 3 .22 4 . 4 12 .4 26.4 
13 0.53 2 .30 5.7 7 . 87 8 . 8 21.6 20.2 
19 2.29 3 . 62 6.2 6. 87 11.7 32 . 4 18 . 8 
20 1.70 1. 67 6.0 11.22 11.7 28.0 34.2 
21 1.28 2.04 5.8 6.99 8.9 25.8 24 . 0 
22 1.25 1. 00 6.1 8.48 10.4 26.0 28.2 
35 1.26 1.70 6.4 4 . 09 4 . 6 24 . 0 20.4 
40 1.21 1. 64 5.8 4. 61 4.6 16.4 16. 6 
45 0.87 0.88 5.8 8 . 62 11.7 19.2 26.9 
47 1.34 0.89 5.7 12.61 5.4 36.4 30.4 
55 1.44 1.88 5.6 3.82 5.4 13.4 22.2 
56 1.94 1.94 5.6 5.19 10. 2 14 . 8 20.5 
58 1.37 1.51 6.2 8.01 11.9 25.5 33.0 
59 1.34 0.79 6.3 7.42 13.4 27.2 26.4 
60 1.36 1. 64 5.9 9.24 7.8 26.5 21.8 
61 1.70 0.99 5.9 5.79 6.2 30.2 22.8 
66 1.31 0.92 5.7 10.46 8.4 22 . 6 28.4 
67 1.08 1. 03 5.7 10. 10 10. 3 22 . 6 32 . 8 
69 1.04 0. 57 6.2 7 .88 7.4 32.2 25 . 6 
73 1.57 2.86 6.1 4.01 8.9 13.8 18.0 
85 1.51 1.20 6.2 3 . 55 10. 0 18.4 22.7 
89 1.44 2 . 13 5.8 10.93 13.7 25.8 36 . 0 
92 1.33 1. 32 6.3 3 . 01 24.8 24 . 6 30.9 
93 0.81 0.76 6.0 3 .36 7 . 8 11.4 19.1 
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Table 6.—Mean ponderosa pine site index (n=5) (Tesch, 
1980) 50 year base, standard deviation, mean height, mean 
age, and 100 year base site index (Meyer, 1938) for the 24 
study sites at Lubrecht Forest. 
Plot# Ponderosa Pine Mean Height Mean Age Ponderosa 
Site Index (50 (ft.) (Years) Pine Site 
yr.) (n=5), ft. Index, ft. 
Mean S.D. (100 yr.) 
9 50.7 9 . 9 43.6 44 . 8 71 
13 43.5 5.9 34.2 38 . 0 81 
19 51.1 5.9 63.0 67 . 0 79 
20 51. 6 4.8 66. 0 72 . 0 82 
21 42.8 2 . 1 56.8 77.2 70 
22 58.0 8.0 58 . 6 58.2 92 
35 47. 6 2 . 8 53.2 58 . 2 83 
40 37.9 4 . 4 54.0 90.0 59 
45 52 . 6 6.2 63.0 65. 0 80 
47 48.9 6.4 44.0 44.2 83 
55 41.9 7.7 53 . 8 74 . 0 65 
56 42.2 4 . 5 52.2 67 . 6 65 
58 54.1 3 . 8 64.8 64 .4 82 
59 48.0 5.5 53 .8 59.2 77 
60 51.9 7.1 65.2 71.2 85 
61 47.6 5.4 62.4 74 . 0 76 
66 43.3 6.4 48.2 59.2 72 
67 49.1 6.5 48 . 2 50.4 80 
69 53.1 4 . 6 57 . 0 56. 6 83 
73 34 . 9 6.4 39.2 61. 6 57 
85 56.1 10.8 65. 8 65. 8 75 
89 42.7 5.2 39.4 45.6 69 
92 64.0 10. 3 59.0 45. 2 96 
93 53.9 7.2 30.6 29.0 79 
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(Table 6). This may be due to poor selection of site trees, 
or poor age measurement, or inherent error in site index 
estimation. 
Litter accumulation values were quite consistent on 
the plots, with only 3 plots with values below 1 kg/m2, and 
1 plot with a value over 2 kg/m2 (Table 5). Correlation 
between site index and litter accumulation was low and 
negative (Table 7). Duff accumulation values were more 
variable than for litter, ranging from .57 to 3.63 kg/m2 
(Table 5). The difference in variation between litter and 
duff accumulation suggests differing decomposition rates 
from litter to duff between sites. It could also be due to 
differences in the conversion of duff to soil organic 
matter. Duff accumulation was also negatively correlated 
with site index, to a greater degree than litter 
accumulation (Table 7). This suggests that the more 
productive sites are those where litter and duff do not 
accumulate but are recycled more rapidly. Litter and duff 
accumulation correlated poorly with mineralization rates for 
the winter (October-April) period (Table 7). A variable 
which was not measured was the amount of periodic litterfall 
on each site. This limits the interperatation of the litter 
and duff acumulation values. Different rates of organic 
matter influx into the soil would have a major effect on 
mineralization rates. Sites that have higher 
mineralization rates may be those which have the greatest 
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Table 7.—Correlation (r) matrices for ponderosa pine site 
index, 50 and 100 year base, mineralization rates, and 
litter and duff weights, for the 24 Lubrecht Forest sites 
for each seasonal period. 
June 1983-October 1983 
SI50 SI100 CA FE K MG MN NH4 
siioo -73 
CA . 35 .23 
FE .09 . 15 . 02 
K .23 . 04 .43 -.31 
MG .01 -.05 . 34 -.19 
MN -.18 -.08 . 05 -.24 . 15 -.21 
NH4 -.25 -.16 .20 . 08 -.20 . 14 
NO 3 . 18 .14 .50 -.03 -.01 .46 
October 1983-April 1984 
SI50 siioo CA FE K MG MN NH4 NO 3 
SI100 .73 
CA . 63 . 67 
FE .41 .42 . 36 
K . 62 .85 . 70 . 19 
MG . 49 .76 .48 .13 . 64 
MN .46 . 66 .42 . 18 . 57 . 67 
NH4 .62 .79 . 63 .32 .78 . 52 .47 
NO 3 .49 .61 .70 .25 .59 .36 .31 .48 
LITT -.21 -.30 . 13 . 18 . 11 . 11 . 10 .07 . 01 
DUFF -.34 -.46 . 12 .09 -.05 . 18 -.17 -.18 -.20 
April 1984-June 1984 
SI50 siioo CA FE K MG MN NH4 
SI100 .73 
CA .25 -.07 
FE .31 .40 . 25 
K .33 .25 04 -.33 
MG .38 .43 20" -.24 .28 
MN . 13 .41 . 15 .04 . 14 . 12 
NH4 -.20 -.36 . 27 -.21 -.07 .15 -. 26 
NO 3 .47 .51 . 15 .53 .27 . 14 . 06 . 05 
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aboveground biomass to provide an energy and nutrient source 
(litterfall) for microbial activity. This confounds the 
relationship between site productivity and mineralization 
rates, if the sites have greatly different stand densities 
or ages. Sites with lower potential productivity but higher 
stocking levels may have greater litterfall to drive the 
mineralization process. Age of the stand also affects the 
amount and type of litterfall. These variables (density, 
age) need to be held as constant as possible in a study such 
as this. 
Site index was poorly correlated with all of the 
mineralization rates measured for the summer (June-October) 
period (Table 7). Low summer mineralization rates (and 
nutrient immobilization) resulted in no obvious 
relationships between mineralization and site index. Site 
index was highly correlated with mineralization rate of 
calcium, potassium, and ammonium for the winter (October-
April) period (Table 7). The mineralization rates were 
highly correlated with each other, with the exception of 
the iron mineralization rate, which was weakly correlated 
with the other mineralization rates. This may be due to the 
unique types of transformations that iron is subject to. 
The iron bacteria oxidize ferrous ion (Fe+2) to the ferric 
state, which precipitates about the cells as ferric 
hydroxide. Potassium release is also unique in not being 
very dependent on microbial activity, but had a high 
correlation with the other mineralization rates except iron 
(Table 7). Nitrate and ammonium mineralization did not have 
as a high degree of correlation (r=.48) as might be expected 
since nitrification is dependent upon a supply of ammonium, 
as well as other factors. 
Site index was poorly correlated with the 
mineralization rates for the spring (April-June) period 
(Table 7). Nitrate mineralization correlated most 
highly (r=.47) with site index. Ammonium mineralization 
correlated negatively (r=-.2). This suggests that nitrate 
is an important nutrient for tree height growth in the 
spring. Ammonium accumulation may indicate inefficient 
nitrification and result in poorer tree growth, if trees do 
in fact utilize nutrients taken up at this time for height 
growth. Ammonium and nitrate mineralization rates measured 
had a correlation coefficient near zero (r=.05). This is 
probably due to the fact that much of the ammonium 
mineralized was converted to nitrate during this period and 
thus not measured in the "post" soil analysis. 
Site Index Prediction Equations 
The regression of ponderosa pine site index against 
the mineralization rates and litter, duff, percent organic 
matter, and soil moisture produced no significant equation 
at the p =.01 significance level for the June-October 1983 
period (Table 8). This was probably due to the fact that 
most mineralization rates were negative for this period. A 
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Table 8.—Prediction equations for ponderosa pine site 
index, 50 and 100 year base, from soil mineralization rates 
at Lubrecht Forest for each field incubation period. 
Equation Standard R2 F 
Error, ft. 
June 1983-October 1983 
No significant equation 
October 1983-April 1984 
SI50 = 40.6 + 5.0NH4 
SI50 = 39.2 + .7 OCA + 2.9NH4 
SI100 = 59-6 + 9.9NH4 
SI100 = 54-4 + 5.8FE + 8.0MN + 
7.0NH4 
April 1984-June 1984 
SI50 = 44.6 - 2.5NH4 + .40N03 
SI50 = 42.5 + 1.1MG - 3.1NH4 + 
SI100 =67.7 - 6.7NH4 + .60N03 
SI100 = 63•8 + 2.0MG - 7.8NH4 + 
.50N03 
5.3 .38 13.7* 
5.0 .48 9.7* 
6.5 .63 36.8* 
5.4 .76 21.0* 
5.9 .27 3.8 
5.5 .40 4.4 
8.3 .41 7.3* 
7.1 .59 9.5* 
* significant at the p =.01 level 
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wet summer with higher (>2 0%) soil moistures might result in 
higher mineralization rates and possibly relationships 
between site index and mineralization rates of predictive 
value. 
The October 1983-April 1984 period produced the best 
predictive equations (Table 8). Ammonium mineralization 
rate explained 38% of the variation in 50 year base site 
index, with a standard error of 5.3 ft. (Table 8). Ammonium 
and calcium mineralization expained 48% of the variation in 
site index, with a standard error of 5.0 ft. (Table 8). 
Litter and duff accumulation, pH, percent organic matter, 
and soil moisture were not significant variables in any 
models tested. Predictive equations for 100 year base site 
index were more successful than for 50 year base site index 
(Table 8). Ammonium mineralization explained 63% of the 
variation in 100 year base site index for the winter period, 
with a standard error of 6.5 ft. (Table 8). The equation is 
shown graphically in Figure 3. The relationship between 
ammonium mineralization and site index appeared to be linear 
(Fig. 3), so no variable transformations were performed. 
Iron, manganese, and ammonium mineralization explained 76% 
of the variation in 100 year base site index with a standard 
error of 5.4 ft. The difference in predictive success 
between the two site indices is hard to explain. One might 
assume that the site indices based on local data (50 year 
base, Tesch (1980)) would result in better predictability. 
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Figure 3.—Ponderosa pine site index vs. ammonium 
mineralization rate for the October 1983-April 1984 
period for the 24 sites studied at Lubrecht Forest. 
100 -
90-
80 -
SI 
(100 
yr.) SI 59.6 + 9.9NH4 
70 -
6 0  •  
50 -
1.0 2 . 0  3.0 4 . 0 5.0 6.0 
ĵ g NH4+/g soil/mo. 
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Innaccurate estimation of Meyer's 100 year base site indices 
from the graph provided (1938) could explain the difference, 
but this is unlikely. The age of the trees measured for 
site index was above 60 years for 12 of the 24 plots 
(Table 6). This may have resulted in the data relating 
better to Meyer's curves which were based on older trees 
than Tesch's. Diameter growth would have been interesting 
to predict in this study, as it gives a measurement for a 
specific year, as does the mineralization rate. 
Predictive equations of site index from mineralization 
rates were not as successful for the spring period as for 
the winter. Ammonium and nitrate mineralization, which 
better accounted for the total nitrogen mineralization for 
this period because of high nitrification rates, explained 
27% and 41% of the variation in 50 and 100 year base site 
index respectively (Table 8). 
Brown et al. (1978) explained 70% of the variation in 
site index of mixed conifer stands in central Idaho from 7 
soil and 2 topographic variables. Forty-three soil and 
topographic variables were measured. Ninety-four percent of 
the variation in tree height was explained by six soil 
properties and age. Mader (1976) explained 53% of the 
variation in white pine site index from ten soil and 
topographic variables in Massachussetts. Milner (1986) 
explained 48% of the variation in ponderosa pine site index 
in western Montana from climate data. 
CONCLUSIONS 
Winter mineralization rates were most successful in 
predicting ponderosa pine site index at Lubrecht Forest. 
Ammonium mineralization was the best predictor of site index 
of the mineralization rates and other soil factors measured. 
One hundred year base site index was predicted more 
successfully than fifty year base site index, although the 
latter is based on local data. 
Soil mineralization rates could be utilized as an aid 
in assessing the current productivity potential of forest 
land, in conjunction with other productivity estimates. 
This method would be especially useful for sites on nutrient 
deficient or young soils where soil nutrients limit growth. 
Soil mineralization rates probably would not be successful 
in predicting site productivity on sites where soil 
nutrients are abundant and other factors limit tree growth. 
It would be interesting to test how successfully soil 
mineralization rates predict diameter growth. Both of these 
variables can be related to a specific time period. A 
problem with diameter growth, however, is that it is 
affected by stand density, which would have to be held 
fairly constant. 
46 
47 
Prediction of site productivity from soil 
mineralization rates may be of greatest value in assessing 
disturbed lands, such as clearcuts and burns. This would be 
a logical direction for this type of study to lead. A 
possibility might be to set up field incubation tests on 
recently planted lands, and correlate seedling growth with 
mineralization rates. Another possibility would be to 
relate mineralization rates to height growth of young stands 
where height growth could be accurately measured. Another 
situation where soil mineralization rates may be of interest 
would be in stands where litter seems to accumulate and 
decomposition is slow, to determine the rate of release of 
nutrients to the soil from the organic component, especially 
if the soil is nutrient deficient. 
The cost of plastic bag incubation and measurement of 
mineralization rates is moderate, depending upon the number 
of sites, replicates per site, and nutrients measured. Two 
sampling visits, possibly in the fall, and then in the 
spring after snowmelt would be required. The sampling 
technique is not difficult. Chemical analysis costs would 
be approximately ten to fifteen dollars per nutrient to 
determine the mineralization rate, based on a before and 
after field incubation sample. The number of nutrient 
mineralization rates measured could be limited to ammonium 
or nitrate, and possibly a few others, based on an initial 
assessment of which nutrients appeared to be deficient. 
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